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@ Solid dispersion tablets containing 1,4-dihydropyridine derivatives and process for the preparation 
thereof. 



® The present invention relates to a pharmaceutical solid dispersion tablet comprising a solid dispersion 
material (a) which comprises a substantially water-insoluble 1 ,4-dihydropyridine derivative as pharmaceutical 
active agent represented by the general formula [I]: 



A r 

TTT IP [I] 

> ^ wherein Ar is a substituted aryl or benzofurazanyl group, is a substituted or unsubstituted alkyi group, R^ is a 

Q substituted or unsubstituted alkyI or alkenyl group or a substituted piperidyl group, R^ and R* each indepen- 
dently represent a substituted or unsubstituted alky I group, and the substituent R^OCO- at the 5-position may be 

00 replaced by a dialkylphosphonoate or alkylene dioxyphosphoryl group, or a pharmaceutically acceptable acid 

^ addition salt thereof and hydroxypropyl cellulose; and a solid dispersion material (b) which comprises said 1 .4- 

<^ dihydropyridine derivative or its pharmaceutically acceptable acid addition salt and hydroxypropyl methyl 

W cellulose phthafate. 

" Q The present invention also relates to a process for preparing the above solid dispersion tablets. 

a. 
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Background of the Invention 



Field of the Invention 



The present invention relates to a new solid dispersion (SD) tablet containing a substantially water- 
insoluble 1.4-dihydropyridine derivative as a pharmaceutical active agent, and to a process for the 
preparation of the SD tablets. 
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Prior Art 

Some drugs or pharmaceutically active agents have poor absorption through mammalian digestive tract 
because of their very slight solublity in water, in spite of their excellent pharmacological effects. In general, 
such drugs can not be practically used or must be administered in a large amount. The 1 .4-dihydropyridine 
derivative having a vasodilating activity is one of them, and this compound is so substantially insoluble in 
water that it. when administered orally, is quite poorly absorbed in vivo, thus resulting in a practical problem 
that the bioavailability thereof is low. 

For example, Nifedipine (1 .4-dihydro-2.6-dimethyl-4-(o-nitrophenyl)-3,5-pyridinedicarboxylic acid 
dimethyl ester; see US Patent No. 3,644.627) has been normaly used as a drug for the treatment of an 
attack of angina pectoris, but it has the disadvantage that in vivo absorption is slow, and therefore various 
rapid absorption type (or fast acting) oral-Nifedipine preparations have been proposed. Examples of such 
preparations are the solid which was prepared by dissolving the mixture of Nifedipine and polyvinyl 
pyrrolidone in an organic solvent followed by removal of the solvent by evaporation (Japanese Patent 
Application Laying Open (KOKAI) No. 54-2316), and the soft capsule in which the solution of Nifedipine in 
liquid polyethylene glycol was filled (Japanese Patent Application Laying Open (KOKAI) No. 48-28621). 

On the other hand, when Nifedipine is used as an antihypertensive agent, the duration of its effect is 
required rather than its fast action. In this case, slow absorption type of Nifedipine preparations are desired. 
An example of such Nifedipine preparations includes the mixed granules of Nifedipine-containing granules 
with the granules which were obtained by forming the coating consisting of substantially water-insoluble 
material and an enteric high molecular material onto the surface of the Nifedipine-containing granules 
(Japanese Patent Application Laying Open (KOKAI) No. 58-46019). 

With respect to the traditional slow absorption type of Nifedipine preparations, it has been required that 
their levels in blood are maintained at a constant effective level for some time. 

However, if a medicinal preparation is developed which can maintain the inherent in vivo absorption of a 
drug included, i.e. in vivo absorption characterized by traditional non-sustained release^reparations. and 
which, at the same time, improves an absorption rate in vivo , the medicinal preparation would be more ideal 
in view of that it can remove drawbacks such as side effects caused in association with the maintenance of 
the blood level of an active ingredient. 

The object of the present invention is to provide a pharmaceutical solid dispersion (SD) tablet 
containing a substantially water-insoluble 1 , 4-dihydropyridine derivative as a pharmaceutical active agent 
which improves an absorption rate thereof while retaining the desirable in vivo absorption as described 
above. 
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Summary of the Invention 

The present invention relates to a pharmaceutical solid dispersion (SD) tablet comprising a solid 
dispersion material (a) which comprises a substantially water-insoluble 1 , 4-dihydropyridine derivative as a 
pharmaceutical active agent represented by the general formula [I]: 
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Wherein Ar is a substituted aryl or benzofurazanyl group. is a substituted or unsubstituted alkyi group. R2 
is a substituted or unsubstituted alkyl or alkenyl group or a substituted piperidyl group, R3 and R* each 
independently represent a substituted or unsubstituted alkyl group, and the substituent R^OCO- at the 5- 
position may be replaced by a dialkylphosphonoate or alkylene dioxyphosphoryl group, or a pharmaceuti- 
caliy acceptable acid addition salt thereof and hydroxypropyl cellulose: and a solid dispersion material (b) 
which comprises said 1.4-dihydropyridine derivative or its pharmaceutically acceptable acid addition salt 
and hydroxypropyl methyl cellulose phthalate. 

The SD tablet of the present invention improves the bioavailability of the active agent without altering 
the inherent in vivo absorption of the agent 

Brief Description of the Drawings 



Fig. 1 shows time course of the blood level of FRC8653 when a wet granule-compression tablet 
(Comparative Example 1) was orally administered to a dog (10 mg of FRCa653/body, n = 6). 
15 Fig. 2 shows dissolution profile of the HPC/HP55 (3/7) SD tablet (Comparative Example 2) prepared by 
mixing FRC8653, HPC and HP55 simultaneously, as compared with the HPC/HP55 mixed (3/7) SD tablet of 
the present invention. 

Fig. 3 shows DSC curves of the solid dispersion system consisting of FRC8653 and HPC, and of 
FRC8653 alone, where the numbers described mean (1): FRC8653/HPC (1/5); (2): FRC8653/HPC ('l/4)* (3)- 
20 FRC8653/HPC (1/3); (4): FRC8653/HPC (1/2); (5): FRC8653/HPC (1/1); and (6): FRC8653. 
Fig. 4 shows dissolution profile of FRC8653 from the HPC.SD tablet. 

Fig. 5 shows time course of the blood level of FRC8653 when the HPC.SD tablet was orally 
administered to a dog. 

Fig. 6 shows DSC curves of the solid dispersion system consisting of FRC8653 and HP55, and of 
25 FRC8653 alone, where the numbers described mean (1): FRC8653/HP55 (1/5); (2): FRC8653/HP55 (1/4)- 
(3): FRC8653/HP55 (1/3); (4): FRC8653/HP55 (1/2); (5): FRC8653/HP55 (1/1); and (6): FRC8653. 

Fig. 7 shows dissolution profiles of FRC8653 from the HPC.SD tablet and from the HPC/HP55 mixed 
SD tablets. 

Fig. 8 shows time course of the blood level of FRC8653 when the HPC/HP55 mixed (3/7) SD tablet was 
JO orally administered to a dog (10 mg of FRC8653/body, n = 6). 

Fig. 9 shows dissolution profiles of FRC8653 from the HPC/HP55 mixed (3/7) SD tablets (A in the 
figure) and from the HPC/HP55 mixed (0/10) SD tablets (B in the figure) at acidic or neutral pH. 

Fig. 10 shows the comparison of % dissolution between the HPC/HP55 mixed (3/7) SD tablet and the 
HPC/HP55 mixed (3/7) SD granules 



Detailed Description of the Invention 



The present invention provides a pharmaceutical solid dispersion (SD) tablet comprising a solid 
dispersion material (a) which comprises a substantially water-insoluble- 1 ,4-dihydropyridine derivative as a 
40 pharmaceutical active agent represented by the general formula [I]: 
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R ' O O C -..^..^'-'H,^^ C O O R ^ 




[I] 



wherein Ar is a substituted aryl or benzofurazanyl group, R^ is a substituted or unsubstituted alkyl group, R2 
is a substituted or unsubstituted alkyl or alkenyl group or a substituted piperidyl group, R3 and R* each 
independently represent a substituted or unsubstituted alkyl group, and the substituent R^OCO- at the 5- 
position may be replaced by a dialkylphosphonoate or alkylene dioxyphosphoryl group, or a pharmaceuti- 
cally acceptable acid addition salt thereof and hydroxypropyl cellulose; and a solid dispersion material (b) 
which comprises said 1.4-dihydropyridine derivative or its pharmaceutically acceptable acid addition salt 
and hydroxypropyl methyl cellulose phthalate. 

In the SD tablet according to this invention, both water-soluble high molecular hydroxypropyl cellulose 
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and enteric high molecular hydroxypropyl methyl cellulose phthalate are essential as binders (carriers) as 
well as said 1.4-dihydropyridlne derivative as a drug or pharmaceutical active agent. 

In the above mentioned general formula [I], examples of the substituted or unsubstituted alky! group are 
straight-chain or branched chain alkyi groups with or without a substituent(s) such as dialkylamino 
piperadinyl, alkoxy or -ONO2, preferably lower alky I groups, more preferably C,-C. alkyI groups; examples 
of the substituted or unsubstituted alkenyl group are alkenyl groups with or without a substituent(s) such as 
phenyl, preferably lower alkenyl groups, more preferably C,-C* alkenyl groups: and examples of the 
substituted aryf group are phenyl groups with a substituent(s) such as halogen, nitro or furazanyl. 

Exemplified 1.4-dihydropyridine derivatives include Nifedipine known as a drug for the treatment of 
angina pectoris and as a drug having vasodilating activity, and its derivatives such as Nisoldipine (isobutyl 
methyl 1.4-dihydro-2,6-dimethyl-4-(o-nitrophenyl)-3,5-pyridinedicarboxylate). Nicardipine (2- 
(ben2ylmethylamino)ethyl methyl 1 ,4-dihydro-2,6-dimethyl-4-(m-nitrophenyl)-3.5-pyridinedicarboxylate HCl) 
Nimodipine (isopropyl 2-methoxyethyl 1 ,4-dihydro-2,6-dimethyl-4-(m-nitrophenyl)-3,5-pyridinecarboxylate)' 
Nitrendipine (ethyl methyl 1 ,4-dihydro-2,6-dimethyl-4-(m-nitrophenyl)-3.5-pyridinedicarboxylate), Nilvadipine 
(5-isopropyl-3-methyl-2-cyano-1,4-dihydro-6-methyl-4-(m-nitrophenyl)-3.5-pyridlnedicarboxylate). Manidipine 
(2-(4-(diphenylmethyl)-1-piperazinyl]ethyl methyl ( ,4-dihydro-2,6-dimethyl-4-(m-nitrophenyl)-3 5-py- 
ndinedicarboxylate dihydrochloride), FRC8653 (2-methoxyethyl (E)-3-phenyl-2-propen-1-yl ( + A)-i 4- 
dihydro-2.6-dimethyl-4-(3-nitrophenyl)-3,5-pyridinedicarboxylate; Japanese Patent Application Laying Open 
(KOKAI) No. 60-233058). In addition, said derivatives may be in the form of pharmaceutically acceptable 
inorganic or organic acid addition salts with for example hydrochloric acid, sulfuric acid, phosphoric acid 
citnc acid, oxalic acid, fumaric acid, maleic acid, or tartaric acid. 

The SO tablet of this invention can be prepared by mixing a solid dispersion material (a) containing 4 
parts by weight or more and preferably 4 to 5 parts by weight of hydroxypropyl cellulose based on one part 
by weight of a 1.4-dihydropyridine derivative or its acid addition salt, with a solid dispersion material (b) 
containing 2 parts by weight or more and preferably 2 to 5 parts by weight of hydroxypropyl cellulose 
phthalate based on one part by weight of said 1 ,4-dihydropyridine derivative or its acid addition salt and 
then by compressing the resulting mixture to form solid dispersion tablets. The mixing ratio of the solid 
dispersion material (a) to the solid dispersion material (b) is selected such that an absorption rate of the 
active agent is improved without altering the inherent in vivo absorption thereof. The preferred ratio is (a)/(b) 
= 2.5/7.5 - 3.5/6.5 (weight/weight), more preferably (a)/(b) =3/7. 

The term "solid dispersion material" as used herein means such a solid that a substantially water- 
insolube 1,4-dihydropyridine derivative represented by the general formula [I] was dispersed in a mon- 
omolecular form in an inert carrier (see W. L. Chiou and S. Riegelman, J. Pharm. Sci., 60, 1281 (1971)) in 
this case, the active agent is present in the carrier in an amorphous form thereof. Whethir it is amorphous 
can be determined by thermal analysis. 

The term "substantially water-insoluble" as used herein means that a 1.4-dihydropyridine derivative 
represented by the general formula [I] is very slightly soluble or practically insoluble in water. 

Moreover, the SD tablet of the present invention may preferably contain one or more excipients 
disintegrating agents, or lubricants, or combinations thereof in the solid dispersion materials (a) and (b) 

Examples of the excipients are lactose, mannitol, sucrose, corn starch, crystalline cellulose, and natural 
or synthetic alminium silicate and preferably magnesium methasilicate aluminate. When the magnesium 
methasihcate aluminate is used, it is usually added to the solid dispersion materials (a) or (b) and their 
amounts added are: 11 parts by weight or more and preferably 1 1 to 12 parts by weight relative to one part 
by weight of a pharmaceutical active agent in the solid dispersion material (a); and 5.5 parts by weight or 
more and preferably 5.5 to 12 parts by weight relative to one parts by weight of the active agent in the solid 
dispersion material (b). 

Examples of the disintegrating agents are gum arabi, sodium alginate, sodium carboxymethyl cellulose, 
fibrous calcium gluconate, etc, and examples of the lubricants are talc, magnesium stearate. etc. 

If desired, the SD tablet of the present invention may be film-coated with a coating agent Examples of 
the coating agent are hydroxypropyl methyl cellulose, ethyl cellulose, etc. The coating agent may contain, 
for example, an opaquing agent such as titanium oxide or a plasticizer such as polyethylene glycol. 

The SD tablet according to the present invention, as elucidated by FRC8653. has some advantages that 
the active agent is completely dissolved within the stomach without rapidly dissolving over a desired level- 
the inherent m vivo absorption (Fig. 1) of the active agent is not changed (Fig. 8); and this tablet has as high 
in_vivo absorption rate as the hydroxypropyl cellulose solid dispersion tablet (Example 2) and these 
advantages are different from those of Nifezipine solid dispersion fine particles (Kanebo Inc.. Japan) sold as 
a medicament for the treatment of angina pectoris, which is a rapid absorption or fast acting type of 
preparation . The advantages of the present invention are based on the facts that the time required to reach 
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the maximum blood level of a 1 .4-dihydropyricline derivative after oral administration (t^ax) is 1 .3 hours (Fig 
8). the area under the blood level-time curve (AUG) is 64.5 ng.hr/ml (Example 5). the disintegration time is 
between 4 and 6 minutes (Example 5). and the time necessary for 100% dissolution Is 150 minutes (Fig. 7). 
The term "absorption" or " In vivo absorption" as used herein means the inherent in vivo absorption of the 
active agent. I.e. in vivo absorption characterized by traditional non-sustained release preparations, and the 
absorption can be represented by the time course of blood level of the active agent. Herein, the traditional 
medicinal preparation refers to a non-sustained release preparation. 

The SO tablet of this invention Is also characterized by being less dependent on pH during the 
dissolution of a medicament in stomach (Fig. 9). 

The above-described characteristics of the SD tablet according to the present invention are unique and 
differ from those of the solid dispersion material (Comparative Example 2) which was obtained by 
simultaneously mixing the three essential -components, i.e. a substantially water-insoluble 1.4- 
dihydropyridine derivative represented by the general formula [1], hydroxypropyl cellulose and hydrox- 
ypropyl methyl cellulose phthalate. or from those of the solid dispersion materials (a) or (b) alone (Example 
75 5). Particularly, the fact that the SD tablet of the present invention does not alter the inherent absorption of 
the active agent indicates that the side effects caused in association with the maintenance of a blood level 
of the active agent can be avoided. 

The 1.4-dlhydropyridine derivative-containing SD tablet of the present invention can be prepared by the 
method which comprises the following steps of: 

(i) dissolving a 1 .4-dihydropyridine derivative as a pharmaceutical active agent represented by the 
general formula [I] as defined in claim 1 or a pharmaceutically acceptable acid addition salt thereof and 
hydroxypropyl cellulose In an organic solvent, if desired adding and mixing one or more auxiliaries 
chosen from excipients and disintegrating agents, and then removing the organic solvent from the 
mixture, for example by evaporation, to produce a solid dispersion material (a); 
25 (ii) dissolving said 1 , 4-dihydropyridine derivative or its pharmaceutically acceptable acid addition salt and 
hydroxypropyl methyl cellulose phthalate in the organic solvent, if desired adding and mixing one or 
more auxiliaries chosen from excipients and disintegrating agents, and then removing the organic solvent 
from the mixture, for example by evaporation, to produce a solid dispersion material (b); 
(ili) mixing together said solid dispersion material (a), said solid dispersion material (b). and one or more 
30 optional lubricants; and 

(iv) compressing the resulting mixture to form into tablets. 

When the solid dispersion material(s) contains an excipient. magnesium methasilicate aluminate Is 
desirable as excipient. In this case, the solid dispersion materials (a) and (b) may contain magnesium 
methasilicate aluminate such that the weight ratio of a 1.4- dihydropyridine derivative or its acid addition salt 
35 to magnesium methasilicate aluminate is 1:11 or more, preferably 1:11 to 1:12 in the (a), and 1:5,5 or more 
preferably 1:5.5 to 1:12 In the (b). 

The organic solvent includes, for example, lower alcohols such as methanol and ethanol. halogenated 
hydrocarbons such as dichloromethane and chloroform, or mixtures thereof- 
Molding into tablets can be effected by the conventional procedures. 
40 Thus, the above-described process is also included within the scope of the invention. 

When the SD tablet of the present Invention is administered to animals, especially human, the dosage is 
generally selected depending on patient's age, symptom and body weight, known permisible doses 
determined for known active agents, and so on. 

As seen from the above description, the medicinal preparation of the present invention should be in the 
45 form of tablet, thereby resulting in different properties from the mixed granules of solid dispersion materials 
(a)/(b) - 3/7 (Comparative Example 3). 

Advantages of the Invention 

50 The 1 .4-dihydropyridine derivative-containing SD tablet according to the present invention advanta- 
geously has less pH-dependency during dissolution of the active agent In stomach, and has as high in vivo 
absorption as the HPC.SD tablets while retaining the inherent absorption of the active agent. Accordingly, 
the SD tablet of this invention improves the bioavailability of the 1, 4-dihydropyridine derivative which is 
substantially insoluble in water, as well as the avoidance of side effects. 

55 The present invention is illustrated by the following comparative examples and working examples where 
FRC8653 (Japanese Patent Application Laying open (KOKAI) No. 60-233058) is taken as an example of the 
1 ,4-dihydropyridine derivative represented by the general formula [I], FRC8653 being an antihypertensive 
agent with Ar = m-nitrophenyl; = methyl; R2 = cinnamyl; and both R^ and R* = methyl in the formula 
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[I]. In this case, it should be understood that other derivatives can also be applied to the production of 
nnedicinal preparations of the present invention. 

Comparative Exannpl e 1 

Wet granule-compression tablets 
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Relative to one tablet (135 mg). 5.0 mg of FRC8653 (volume average diameter, 50 urn or less) was 
mixed with the following materials in water, granulated and then dried to product wet granules: an adequate 
amount of lactose: 12.5 mg of corn starch and 18.7 mg of crystalline cellulose as excipients; 12.5 mg of 
hydroxypropyl cellulose with a low degree of substitution as a disintegrating agent; and 3.7 mg of 
hydroxypropyl cellulose (Nippon Soda, Japan; referred to as HPC hereinafter) as a binder. To the wet 
granules were further added 1.3 mg of talc and 1.2 mg of magnesium stearate as lubricants followed by 
molding into tablets. The resulting tablets were film-coated with the solution of 5.0 mg of hydroxypropyl 
methyl cellulose 2910 (6cs) (Shin-Etsu Chemical Co.. Japan) and 1.25 mg of ethyl cellulose (Hercules) as 
coating agents; 0.625 mg of Macrogol 600 (Nippon Oil and Fats Co.. Japan) as a placiticizer; and 2.5 mg of 
titanium oxide as an opaquing agent in the mixed solvent of methanol/dichloromethane. to produce wet 
granule-compression tablets. 

The wet granule-compression tablets prepared were tested for disintegration and dissolution. As the 
20 results, the disintegration time measured by the disintegration test of Japanese Official Standards 
(Nikkyoku) was between 3.0 and 5.5 minutes, and the values of % dissolution measured by the dissolution 
test (2nd method) of Japanese Official Standards were about 20% at 10 min, about 35% at 30 min, about 
50% at 60 min. about 60% at 90 min. and about 70% at 150 min. In this case, a test solution of 0.5% (w/v) 
polysorbate 80 in a 1st test solution for disintegration test of Japanese Official Standards was used in order 
25 to achieve at least 5-fold the saturated solubility of PRC 8653 in water at 37 'C. the total volume of the test 
solution was 500ml, and the paddle rotation was 100 rounds per minutes. 

Moreover, after the wet granule-compression tablets were orally administered to dogs in the amount of 
10 mg (2 tablets) of FRC8653 per body, the blood level of FRC8653 was determined using high 
performance liquid chromatography (chromatography conditions: ODS column: acetonitrile/water system). 
30 As a result, the maximum blood level at 1.2 hours after oral administration was 5.3 ng/ml (Fig. 1). The 
pharmacokinetic parameters calculated from the blood level-time curve were: time required to reach the 
maximum blood level (t^^ax), 1.2 hours; half life time (tt/2). 1.2 hours; and area under the blood level-time 
curve (AUC). 14.1 ng.hr/ml. FRC8653 was dissolved in the mixed solvent (1/1) of ethanol and Nikkol (HCO- 
60) (Nikko Chemicals. Japan), and the resulting solution was diluted to 1:50 with physiological saline and 
35 intravenously injected into the animal in order- to determine AUC values. When the bioavailability was 
calculated based on the AUC determined, it was only 5.3%. 

Comparative Example 2 

40 Relative to one tablet (135 mg). the solution which was prepared by simultaneously dissolving 5.0 mg of 
FRC8653 (volume average diameter. 50am or less). 6.0 mg of HPC as binder (carrier), and 14.0 mg of 
hydroxypropyl methyl cellulose phthalate (Shin-Etsu Chemical: referred to as HP55 hereinafter) in 110.0 mg 
of the mixed solvent of methanol/dichloromethane. was mixed with an adequate amount of lactose, 15.7 mg 
of crystalline cellulose. 3.5 mg of Macrogol 400 (Nippon Oil and Fats Co.) and 55.0 mg of magnesium 
45 methasilicate aiuminate as excipients. and 12.0 mg of sodium croscarmellose (Asahi Chemical Industry. 
Japan) as disintegrating agent, with stirring. After the removal of the solvent by evaporation. 124.0 mg of the 
HPC/HP55 (3/7) solid dispersion (SD) granules was produced. Then, to the granules were further added 0.5 
mg of talc and 0.5 mg of magnesium stearate as lubricants, followed by molding into tablets. The resulting 
tablets were film-coated under the same conditions as in the preceding Comparative Example to produce 
so HPC/HP55 (3/7) SD tablets. As shown in Fig. 2., the results of' dissolution test of the tablets prepared 
indicate that the preparation from the simple mixing of the three essential components, i.e. FRC8653, HPC 
and HP55. has significantly poor dissolution compared with the medicinal preparation of the present 
invention (HPC/HP55 mixed (3/7) SD tablets prepared in Example 5). Accordingly, it is assumed that the 
preparation of this comparative example has poorer in vivo absorption. 
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Example 1 



Determination of an amount of HPC relative to FRC8653 in the case of the production of mixed solid 
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dispersion tablets (HPC/HP55 mixed SD tablets) with HPC and HP55 as carriers 

HPC and FRC8653. In the propotion of 1, 2. 3. 4 or 5 parts by weight of HPC based on one part by 
weight of FRC8653. were added to the mixed solvent of methanol/dichloromethane and dissolved, followed 
by removal of the solvent and drying. The samples obtained were subjected to thermal analysis (DSC). As 
shown in Fig. 3. the amount of HPC required to convert FRC8653 into its amorphous form was 4 parts by 
weight or more per one part by weight of FRC8653. 

Example 2 

Production of HPC.SD granules 

Relative to one tablet (135 mg), the solution of 5.0 mg of FRC8653 (volume average diameter. 50 urn or 
less) and 20.0 mg of HPC as binder (carrier) in 75 mg of the mixed solvent of methanol/dichloromethane 
was added to an adequate amount of lactose. 15.7 mg of crystalline cellulose, 3.5 mg of Macrogol 400 
(Nippon Oil and Fats Co.) and 55.0 mg of magnesium methasilicate aluminate as excipients. and 12.0 mg of 
sodium croscarmellose (Asahi Chemical Industry) as a disintegrating agent, and then mixed with stirring. 
After the removal of the solvent by evaporation. 124.0 mg of HPC.SD granules were produced. 

For comparison, HPC.SD tablets were prepared in the following manner and their performance or 
properties were then examined: 

To the HPC.SD granules obtained above were added 0.5 mg of talc and 0.5 mg of magnesium stearate 
as lubricants, followed by molding into tablets. The resulting tablets were film-coated under the same 
conditions as in the above Comparative Examples to produce HPC.SD tablets. 

In the same way as in Comparative Example 1. the disintegration time, % dissolution, blood level and 
pharmacokinetic parameters of the HPC.SD tablets prepared were determined. As the results, the dis- 
integration time was between 4.0 and 5.5 minutes which value indicates the good disintegration of the 
HPC.SD tablets, and the time necessary for 100% dissolution was as short as 30 minutes, thus suggesting 
a very high dissolution rate (Fig. 4). The time course of blood levels of FRC8653 when orally administered 
to dogs is shown in Fig. 5. The pharmacokinetic parameters calculated from the figure were: t^ax. 30 
minutes or less; ti/2. 1.9 hours: and AUC, 64.4 ng.hr/ml. Such a rapid dissolution clearly deviates from the 
inherent in vivo absorption of FRC8653 as shown in Fig. 1. 

Example 3 

Determination of an amount of HP55 relative to FRC8653 in the case of the production of HPC/HP55 mixed 
SD tablets with HPC and HP55 as carriers ~ ~ 

Both HP55 (Shin-Etsu Chemical Co.) and FRC8653, in the proportion of 1 . 2. 3. 4 or 5 parts by weight 
of HP55 based on one part by weight of FRC8653, were added to the mixed solvent of 
methanol/dichloromethane and dissolved, followed by removal of the solvent and drying in order to subject 
to thermal analysis (DSC). The results are shown in Fig. 6. The amount of HP55 necessary to convert the 
FRC8653 into its amorphous form was 2 parts by weight or more per one part by weight of FRC8653. 

Example 4 

Production of HP55.SD granules 

The solution of 5.0 mg of FRC8653 (volume average diameter, 50M.m or less) and 20.0 mg of HP55 as 
binder in 125 mg of the mixed solvent of methanol/dichloromethane was added to an adequate amount of 
lactose, 15.7 mg of crystalline cellulose, 3.5 mg of Macrogol 400 arid 55.0 mg of magnesium methasilicate 
aluminate as excipients, and 12.0 mg of sodium croscarmellose as disintegrating agent, and then mixed 
with stirring. After the removal of the solvent by evaporation, 124.0 mg of HP55.SD granules were produced. 

Example 5 

Production of HPC/HP55 mixed SD tablets 



The HPC.SD granules and HP55.SD granules produced in accordance with the procedures set forth in 
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Examples 2 and 4 respectively were mixed in the ratio of 10/0, 7/3, 3/7 or 0/10 (weight/weight) Then in the 
same way as in the production of the HP.SD tablets (Example 2), the aforesaid lubricants were added to 
each of the mixtures which was then molded into tablets and film-coated to produce HPC/HP55 mixed Sn 
tablets. 

For the resulting HPC/HP55 mixed (10/0) SD tablets. HPC/HP55 mixed (7/3) SD tablets (the present 
invention). HPC/HP55 mixed (3/7) SD tablets (the present invention) and HPC/HP55 mixed (0/10) SD tablets 
disintegration and dissolution were determined. All the disintegration times determined of these SD tablets 
were between 4.0 and 6.0 minutes which values indicate their good disintegration. The % dissolution of 
FRC8653, as shown in Fig. 7. was 100% at 30 minutes in the case of the HPC/HP55 mixed (10/0) SD 
tablets; 100% at 2.5 hours in the case of the HPC/HP55 mixed (3/7) SD tablets: 86% at 2.5 hours in the 
case of the HPC/HP55 mixed (0/10) SD tablets; and 100% at 1.5 hours in the case of the HPC/HP55 mixed 
(7/3) SD tablets, provided that the testing time of dissolution was not more than 2.5 hours on the 
assumption that each of the preparations would stay for 2.5 hours in stomach after oral administeration 

Furthermore, the HPC/HP55 mixed (3/7) SD tablets which have been believed to be suitable for an 
antihypertensive FRC8653-containing medicinal preparation based on the results of % dissolution described 
above were orally administered to dogs at the dose of 10 mg of FRC8653 per body, and the blood levels of 
FRC8653 were determined by high performance liquid chromatography under the same conditions as in 
Comparative Example 1 (Fig. 8). The pharmacokinetic parameters were calculated from the blood level-time 
curve in the figure. As the results, t,nax was 1.3 hours. was 1.8 hours, and AUG was 64.5 ng.hr/ml. The 
tmax was nearly equal to that of the wet granule-compression tablets (Comparative Example 1) and the AUC 
to that of the HPC.SD tablets (Example 2). 

Example 6 

Dissolution profiles of HPC/HP55 mixed (3/7) SD tablets under acidic or neutral conditions 

For the HPC/HP55 mixed (3/7) so tablets and HPC/HP55 mixed (0/10) SD tablets (each containing 5mg 
of FRC8653). the dissolution behaviors of FRC8653 were measured in each 500ml of test solutions of pH 
1.2 (0.5% (w/v) polysorbate 80 / the 1st test solution of Japanese Official Standards) and of pH 7 2 (0 5% 
(w/v) polysorbate 80 / phosphate buffer) at paddle rotation of 100 R.P.M. (Fig. 9). 

From Fig. 9. it was found that in the case of the HPC/HP55 mixed (3/7) SD tablets the values of % 
dissolution of FRC8653 after 90 minutes were 85% at pH 1.2 and 95% at pH 7.2. thus being less pH- 
dependent. while in the case of the HPC/HP55. mixed (0/10) SD tablets its values were 65% at pH 1 2 and 
100% at pH 7.2. 

Comparative Example 3 

For 124.0 mg of the mixed granules obtained by mixing the HPC.SD granules and HP55.SD granules 
which have been prepared by the methods set forth in Examples 2 and 4, respectively, in the ratio of 3/7 
(weight/weight), and for the HPC/HP55 mixed (3/7) SD tablets prepared in Example 5, the values of % 
dissolution were determined in the same way as in Comparative Example 1. As shown in Fig. 10, the % 
dissolution of the mixed granules was about 75% within 150 minutes, and this value was inferior to 100% 
dissolution of the HPC/HP55 mixed (3/7) SD tablets. Accordingly, the in vivo absorption of said mixed 
granules is also thought to be inferior to that of the HPC/HP55 mixed (STtTSO tablets according to the 
present invention. 

Claims 

1. A pharmaceutical solid dispersion (SD) tablet comprising a solid dispersion material (a) which com- 
prises a substantially water-insoluble 1 ,4-dihydropyridine derivative as a pharmaceutical active agent 
represented by the general formula [I]: 
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[I] 



10 



75 



20 



Wherein Ar is a substituted aryl or benzofurazanyl group. is a substituted or unsubstituted alkyi 
group. R2 is a substituted or unsubstituted alkyI or alkenyl group or a substituted piperidyl group, 
and R* each independently represent a substituted or unsubstituted alkyI group, and the substituent 
R^OCO- at the 5-position nnay be replaced by a dialkylphosphonoate or alkylene dioxyphosphoryl 
group, or a pharmaceutically acceptable acid addition salt thereof and hydroxypropyl cellulose; and a 
solid dispersion material (b) which connprises said 1 .4-dihydropyridine' derivative or its pharmaceutically 
acceptable acid addition salt and hydroxypropyl methyl cellulose phthalate. 

2. A pharmaceutical SD tablet according to claim 1. wherein the weight ratio of the 1 .4-dihydropyridine 
derivative or its pharmaceutically acceptable acid addition salt to the hydroxypropyl cellulose is from 
1:4 to 1:5, and the weight ratio of the 1 .4-dthydropyridine derivative or its acid addition salt to the 
hydroxypropyl methyl cellulose phthalate is from 1:2 to 1:5. 

3. A pharmeceutical SD tablet according to claim 1. wherein the mixing ratio of the solid dispersion 
material (a) to the solid dispersion material (b) is from 2.5:7.5 to 3.5:6.5 by weight. 

4. A pharmaceutical SD tablet according to claim 1. wherein the solid dispersion materials (a) or (b) 
further comprises an apropriate amount of one or more auxiliaries chosen from excipients. disintegrat- 
ing agents and lubricants. 

30 5. A pharmaceutical SD tablet according to claim 4, wherein the auxiliary is magnesium methasilicate 
aluminate. 

6. A pharmaceutical SD tablet according to claim 5. wherein the magnesium methasilicate aluminate is 
incorporated into the solid dispersion materials (a) or (b) in the weight ratio of the 1 , 4-dihydropyridine 
derivative or its pharmaceutically acceptable acid addition salt to the magnesium methasilicate 
aluminate of from 1:11 to 1:12 or of from 1:5.5 to 1:12, respectively. 
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A process for the preparation of a pharmaceutical SD tablet according to any one of claims 1 to 6, 
which comprises the following steps of: 

(i) dissolving a 1 ,4-dihydropyridine derivative as a pharmaceutical active agent represented by the 
general formula [I] as defined in claim 1 or a pharmaceutically acceptable acid addition salt thereof 
and hydroxypropyl cellulose in an organic solvent, if desired adding and mixing one or more 
auxiliaries chosen from excipients and disintegrating agents, and then removing the organic solvent 
from the mixture to produce a solid dispersion material (a); 

('■) dissolving said 1 .4-dihydropyridine derivative or its pharmaceutically acceptable acid addition salt 
and hydroxypropyl methyl cellulose phthalate in the organic solvent, if desired adding and mixing 
one or more auxiliaries chosen from excipients and disintegrating agents, and then removing the 
organic solvent from the mixture to produce a solid dispersion material (b); 

(iii) mixing together said solid dispersion material (a), said solid dispersion material (b). and one or 
50 more optional lubricants; and 

(iv) compression-molding the resulting mixture into tablets. 

8. A process according to claim 7, which further comprises a step of film-coating the tablet with a coating 
agent. 
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9. A process according to claims 7 or 8, wherein the organic solvent is a lower alcohol, halogenated 
hydrocarbon, or mixture thereof. 
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